Abstract-We describe how we presented a year-long Software Engineering (SE) module. The first part of the module entailed a process we call rocking the boat. Our objective was to create an opportunity for our students to experience a complete software engineering project (from specification to delivery) within six weeks. During the second part students worked in self-selected teams on an industry-based SE project. Again they were required to undergo the complete SE lifecycle.
I. INTRODUCTION
In the design of the learning experience we created for our students, we applied aspects of Kolb's [11] experiential learning model. Generally, the model stresses the continuous nature of learning and the impact of appropriate feedback and reflection which provide the basis for continuous learning. Therefore our presentation focused on providing opportunities to learn by being actively engaged. We also placed a high premium on providing continious feedback and support the students' need to be able to reflect on their learning experiences.
Our approach has also been inspired by the work of Csikszentmihalyi [4] . He defines the concept of flow as a psychological state in which an individual feels cognitively efficient, motivated and happy. When one experiences flow, productivity and deep learning are likely to increase. A basic premise of Csikszentmihalyi's work is that the correct level of challenge in relation to an individual's skills can create flow experience. If the challenge is too uncomplicated it may result in boredom, while anxiety can arise if the challenge is too demanding. In our situation we increase the challenges and are prepared to deal with anxiety.
The process that comprised the first six weeks of our module entailed the students working in teams on well defined assignments for short periods. High risk factors, in the form of difficult and unfamiliar tasks, were introduced. This exposed the students to short bursts of intense tribulation. This approach created opportunities to broaden their software engineering knowledge and develop technical and social skills. During this time the students were also exposed to working with a large number of classmates.
We challenged the students to the extreme in terms of various aspects of software engineering projects. Firstly, the project required mastering new technologies. The students had to explore a technical terrain which they had not previously encountered. Secondly, the students were expected to deliver comprehensive documentation for the different phases of software design and implementation associated with the waterfall model, none of which they had done before. Finally, students were required to work in fairly large lecturer-assigned groups which were constantly changed. This contributed to their acquiring knowledge of the main problems of group work and how to overcome them.
The remaining 22 weeks of the module were devoted to applying the knowledge and skills that were acquired during the first part. In doing this we provided a second learning experience to undergo the complete SE lifecycle over a longer period more thoroughly and with less anxiety. The aim of this was to reinforce the knowledge and skills acquired during the first part and to provide for deeper learning when encountering the concepts for the second time.
II. AIM OF THIS ARTICLE
This paper reports how we created an intense learning experience to cover some aspects of software engineering. This research can be classified as action research within the interpretive paradigm. We observe student behaviour in response to our actions. We then reflect on our observations in order to adjust our actions accordingly. This research was conducted during a SE module presented at the University of Pretoria. This module is presented in the final year of a three-year Computer Science degree. We presented the module in two distinct parts. In both iterations the students were expected to undergo the complete SE lifecycle and to create the deliverables associated with the waterfall model of software development. Owing to its brevity the waterfall model was deemed appropriate for the first part. However, the students were encouraged to experiment with the Agile and other SE methodologies of their choice during the second part.
Preprints of the
During the first six weeks the students completed the planning, design, documentation and implemention of a mediumsized SE project in lecturer-assigned teams. This process was dubbed rocking the boat (RTB). This title is a metaphorical description of the most prominent feature of this process, namely the unsettling of student teams by maximising risks and challenges. We exposed them to as many situations as possible for experiential learning. In each situation we set a challenge which required the acquisition of SE knowledge and skills. At the same time we supported them by providing structured opportunities to reflect on and reinforce their newly acquired skills. The different challenges introduced during this part of the module are summarised in Table I. The second part consisted of 22 weeks. During this time the students had to work in self-selected teams on a fairly large industry-based project in which they repeated the SE process that was learned during the first part.
A. Software Engineering
This first part consisted of four rounds. The specific artefacts for each of the rounds are listed in Table II. The time allocated for the completion of each of the rounds is also shown in the table. The scope of the complete system that was the subject of the first part was fairly large. The students were required to design the entire system but only had to implement certain aspects thereof.
In each round they had to work with a new team. They had to produce a team portfolio along with the specified artefact for each round. The content that was gathered and compiled for their team portfolios in the first round could be re-used in the subsequent rounds.
A project proposal was presented to the teams at the beginning of the process. It specified only high level functional requirements. The students were introduced to the concepts of functional requirements and non-functional requirements as well as the theoretical aspects of requirement solicitation during a lecture. Thereafter the teams had to compile a detailed requirement specification document using a prescribed template.
The students had to solicit both non-functional and functional requirements during a 50-minute discussion period. Two lecturers acted as a clueless client team during this discussion. They deliberately misinterpreted questions asked by the students. They had conflicting ideas about the requirements. We believe that the humour that was generated created an element of enjoyment while highlighting the difficulties of requirement solicitation.
A similar process was followed in the second and third rounds. The problem was stated, the theory was presented during a lecture, and in a follow-up discussion the problem related issues were highlighted.
In the fourth and final round of the fisrt part, the teams were expected to implement an aspect of the system. This aspect of their own choice had to be a functional proof of concept. The students had to use the detailed design that was the outcome of the previous round as a starting point. The students had to identify the core functionalities that had to be implemented. They also had to apply estimation techniques they had not used previously to guide their decision of what to implement. The implementation was evaluated during an hour-long session where the team had to demonstrate their implementation. The teams were interrogated by a panel of three assessors during this session.
B. Technical skills
This project involved the design and implementation of a system to manage a gardening service. The system had to enable mobile communication between a large number of task teams in the field with the head quarters of the company using cutting edge cellphone technologies. Among a variety of management functions, it was deemed important that the system should support the automation of real time scheduling and re-scheduling of gardening tasks that had to be performed in the field.
Many of the programming skills that the students had acquired in previous modules could be applied. However, many of the technologies they were expected to apply were new. It is unlikely that they had encountered them before. Owing to the cutting edge nature of these technologies at the time, the available support both inhouse and through internet communities was limited.
We purposely prescribed the application of these technologies to challenge the students. Pausch [16] refers to the realisation that one might do one's students a disservice when putting the bar too low, especially when one doesn't know how high the bar should be. From previous experience we knew that these challenges were likely to be at the correct level to create flow experience [4] for the majority of our students.
C. Teamwork skills
Steenkamp [21] cautioned that student team size should not exceed five. Larger teams are more at risk to fail than smaller teams [8] . We chose to assign students to teams of six or seven members which is intentionally larger than the ideal. By doing so, we introduced a higher risk of their encountering communication and collaboration problems.
Koppenhaver et. al. [12] associated the changing of team members as being detrimental to team performance. We orchestrated team instability to the extreme by reallocating teams after each of the three interim milestones of the first part of our module. We also placed students in teams with members with whom they had not worked previously in order to achieve maximum instability.
According to Bacon et. al. [2] , random allocation creates equal chances of teams being functional or dysfunctional. In two of our rounds we deliberately allocated members randomly hoping to create a fair number of dysfunctional teams.
It has been observed that academic alignment may have a positive influence on team coherence [17] . Therefore, in one of the rounds, we created teams that were academically as unaligned as possible.
According to Belbin [3] , diversity of working styles contributes to team success. Therefore, in one of the rounds, we formed teams by grouping together people whom we had identified as having similar working styles.
IV. SUPPORT STRUCTURES
In the previous section we outlined how the learning material was presented to the students during the first stage. We highlighted how we deliberately created extreme challenges and how the student teams were unsettled by increasing risks. As mentioned earlier, structured opportunities to reflect on and reinforce these experiences were provided while they were faced with these extreme challenges.
In this section we discuss the support that we provided to help the students overcome the challenges we set.
We deem the problems that we posed to be storms in teacups. There were many smaller storms rather than one massive tempest.
While the students may have experienced our actions as fierce attacks, they were not exposed to any of the problems we posed for prolonged periods. The students were also not left to their own devices. Guidelines in resolving the issues were constantly at their disposal. Furthermore, each challenge had a distinct moment where it was resolved or removed before the new challenges were presented.
A. Clearly defined milestones
Goal clarity is essential for the success of projects [1] . Clear goals can influence group problem solving by motivating strategy development [13] . When goals are clear it is more likely that team members will agree on a strategy to reach those goals [20] .
At the beginning of each round a document stating the goals of the round were published on our module website. This document contained detailed instructions regarding the format and content of the deliverable that was expected. The requirements for each deliverable were based on theory and experience reported in the literature. Students were directed towards these by means of references to the appropriate sections in the textbook as well as relevant additional readings.
B. Focussed lectures
When new content has to be taught, it is important to awaken "the need to know" before the content is presented. There is a direct relationship between the urgency of the need to know and the effectiveness of the learning that can take place [7] .
In our module this principle was exploited. The students were told beforehand what theory they had to master in order to be able to produce the required deliverables. This stimulated their need to know. The lectures were presented at a time that the students could appreciate the content because they had a clear view of how it should be applied in producing their next deliverable.
C. Rapid feedback and model solutions
The software development experience presented through RTB entails everything in accelerated mode. It also required the teaching staff to supply rapid feedback. Feedback has been identified as a key strategy for effective learning [19] . Feedback is an essential component of learning as it guides individuals to recognise areas of deficiency in their knowledge or skills and can point towards remedies [15] .
At the beginning of each round the students were presented with a document that served a dual purpose. Firstly, it could be seen as a model solution for the previous round. Students could reflect on the quality and correctness of their own solutions by using this document. Secondly, it served as a prescribed starting point for the next round. Because the students were expected to use the model answer in their next assignment, they are forced to use it. This is our way to contravene the observation of Gibbs [6] that students often ignore feedback.
D. Empowerment
Houser [9] cites empowerment as a key educational motivation. An empowered person finds the tasks meaningful, feels competent to perform them, and feels his/her efforts have an VREDA PIETERSE, LISA THOMPSON ET AL.: AN INTENSIVE SOFTWARE ENGINEERING LEARNING EXPERIENCEimpact on the scheme of things. In our opinion, students are more motivated to work on tasks when they feel they can influence the goals.
We encouraged students to take ownership of the tasks by emphasising their contributions in the model solutions that were presented at the end of each round. Although these were created by the lecturers, the opinions and ideas of the students were included and acknowledged in the final solutions.
E. Discussion forum and pointers
We provided an online discussion forum as an integral part of our module presentation. Many benefits of using discussion forums in education have been identified. Among others, Jeffries et. al. [10] mentioned improved student achievement and enhancement of communication between instructor and student as prominent benefits of using discussion forums in educational settings.
Our students were constantly encouraged to use the forum to resolve their issues. The lecturers also participated in the discussion forum providing pointers and posing open-ended questions to stimulate discussion. For example during requirement solicitation the discussion forum was actively employed to guide the students to identify the essential requirements.
Altough many students did not participate in the forum at all, we observed that some of those who participated were able to use it as a learning tool. Some valid conclusions were reached purely through peer-to-peer discussions on this forum.
F. Peer evaluation and self-reflection
Drake et. al. [5] report that students learn a great deal by reflecting on themselves as individuals within a team environment.
Students were required to complete a questionnaire that guided them to reflect on the contribution of each team member to the team effort at the end of each round. By doing this the students could compare their own contribution to those of the other members.
The application of peer reviews could reveal possible disparities and may also create more appreciation for work that others have done. These experiences enhanced students' communication, planning, and technical skills and hence constantly broadened the skill sets with which they enter the subsequent rounds. More detail about these peer reviews can be found in [18] .
V. DATA GATHERING AND ANALYSIS
The data that was used in order to establish the levels of participation discussed in Section VI, originated from the peer reviews mentioned in Section IV-F. Among other things, students were required to write a sentence to describe their own participation. Two of the authors read each of these comments and based on this, classified each student according to one of the four categories of participation defined in [18] i.e. diligent isolate, insightful shaper, compliant worker and social loafer. We did this for each of the four rounds of the first part as well as a for the fifth round that comprised the second part of the module.
The data that was used to establish what the students learned, as discussed in Section VII, originated from surveys. The students were asked to reflect on their learning experiences shortly after completing the last round of the first part as well as at the final event of the module. This event was an exhibition where they had to showcase the projects they designed and implemented during the second part of the module. In both events the students voluntarily participated in the survey. They were requested to write about their positive and negative experiences and elaborate on what they had learned from these experiences. They were not given any guidance as to what kind of learning experiences we were investigating. We classified their responses in three broad categories namely software engineering skills, technical skills and teamwork skills. These remarks were further analysed to produce the summaries in Section VII. Remarks that did not fit into any of these categories were not used. Table III shows how the respondents were classified according to their level of participation in each of the rounds. The proportions of classifications within individual rounds are independent since in each round a student can have only one classification. Figure 1 shows the relative proportions of the respondents that were classified according to each of the participation levels for each of the rounds. The first four rounds cover the fisrt part of the module while the fifth round covers the second part of the module.
VI. PARTICIPATION LEVELS

A. Participation patterns
The proportions of diligent isolate respondents decreased from round one to round three and increased somewhat from round three to round four, although the round four proportion is still smaller than that of round one. The proportions of diligent isolate and social loafer in the final round resemble that of the first round. In the final round the proportions of insightful shaper and compliant worker resemble that of the second round, although a bit smaller.
The proportions of both diligent isolates and social loafers in a team are believed to compromise the effectiveness of the team. These decreased from round one to round three and increased from round three to round four and again to round five, although the round four proportions of diligent isolates are smaller than that of round one whereas the opposite is true for the proportions of social loafers. The proportions of social loafers in round five are slightly larger than in round one. The proportions of insightful shapers did not vary much across the first four rounds but are the smallest in the final round. The proportions of compliant workers remained the largest of all proportions in every round.
The differences in the distribution of participation levels in the different rounds can be explained using our knowledge about how the teams were formed and by taking the challenges that were introduced into account. In the first two rounds the teams were allocated randomly on condition that all members of every new team had not been together in previous rounds. The second round produced considerably fewer diligent isolates and the proportion of social loafers also decreased.
Compared to round one, the teams in round two exhibited a more workable composition regarding the proportions of diligent isolates, insightful shapers, compliant workers and social loafers. This happened despite the fact that both rounds had the same risk factors built into them. A possible explanation is that the students were more experienced during the second round and were able to rectify some of the mistakes they had made earlier.
Evaluating the proportions of the different levels of participation in round three, it is apparent that the teams in this round were the most successful. This is the round where students with similar levels of participation were clustered together. We anticipated that groups consisting only of social loafers or only of diligent isolates would be dysfunctional. The success demonstrated during the third round was contrary to our expectations. A possible explanation is that these teams were likely to be academically aligned.
The proportion of social loafers in the fourth round was the largest overall. It follows, based on the assumption that the presence of social loafers negatively affects the success of the team, that in this round the teams were the least successful. This came as no surprise since it was in this round where all the risk factors were maximised. Members were academically unaligned as well as diverse in terms of their propensity for participating at specific levels. The technical challenges posed in the task were also maximised. Compared to the third round, the proportion of diligent isolates also increased considerably in this round.
A higher level of success was demonstrated in the third round, where academic alignment was probable. A lower level of success was demonstrated in the fourth round, where members were academically unaligned. This corroborates our theory that academic diversity within groups is a prominent factor that can explain the appearance of diligent isolation and social loafing in teams.
The high proportions of diligent isolates and social loafers in round five that matches the levels of the first round were unexpected. In this round the students formed their own teams. Mello [14] reports that self-selection may encourage students to take more ownership of group problems. Therefore we expected better cooperation and hence lower proportions of diligent isolates and social loafers in this round. Furthermore, we were hoping that the experience they had gained earlier would have helped them to perform better.
This result seemed to indicate that the class was back to square one in the final round. We only discovered that this was in fact not entirely true when we took a closer look at the participation patterns shown in Table IV diligent isolates in one or more rounds. A closer look revealed that a large portion of the students who were classified as diligent isolates in the last round were classified as insightful shapers or compliant workers in the other rounds. Furthermore, most of the students who were classified as diligent isolates in the first round were not so in the last round. This means that most of the individuals responsible for the disharmony in the teams in the last round are not the same individuals who were so in the first round. Thus, it is not the class repeating the same behaviour, but a new portion of the class exhibiting this behaviour.
B. Fluctuation of participation levels
Assuming that the classifications can be considered against a scale of 1 to 4 with higher values corresponding to higher tendency to be a hard worker (irrespective of whether it is a good thing or not) and with lower values corresponding to a tendency to put less effort into working, cluster analysis was used to identify different groups based on how their classifications fluctuated as they progressed from round one through to round five. The three-cluster solution shown in Figure 2 lends itself to interesting observations. Cluster one has cluster means that are lower than the overall mean in three of the rounds, the same as the overall mean in round three and higher than the overall mean in round five. On average, this group of respondents displayed greater fluctuation in classification throughout the rounds, starting at a slower working pace and ending with a classification that is somewhere between diligent isolate and insightful shaper. Despite their fluctuations the students in cluster one eventually ended practically where the students in cluster three ended in the final round. Cluster one comprised only 16.3% of the students.
The participation levels of the students in cluster one increased considerably in the final round in relation to their levels of participation during the first four rounds. Most of the students in this cluster were compliant workers or social loafers in the first four rounds with a small proportion of insightful shapers. In the final round there were no social loafers and a large proportion of diligent isolates. The marks for the deliverables in the final round were significantly higher than that of the other rounds. This leads us to suspect that the students in cluster one increased their effort in order to attain higher marks.
Cluster two comprised the majority of the class (59.2%). Over all the rounds, this cluster has cluster means that are lower than the overall mean. On average these respondents started somewhere close to compliant worker and gradually slacked through the rounds until they ended up closer to social loafer in the final round.
The students in cluster two were fairly consistently classified during the first part and further dropped their participation level in the second part. The participation levels of the students in this cluster mostly varied between compliant worker and social loafer. There were a few diligent isolates and insightful shapers during the first part, but all students in this cluster were compliant workers or social loafers in the second part. The fact that their level of contribution was fairly low throughout and dropped towards the end, leads us to conclude that these students went through the module without gaining much.
For all rounds, cluster three has cluster means that are higher than the overall mean classification. On average, these respondents started out as somewhere between diligent isolate and insightful shaper in round one, slacked a little bit to slightly lower than insightful shaper during the middle rounds of the first part and then returned to their initial classification of somewhere between diligent isolate and insightful shaper in round four and round five.
In cluster three the level of participation was the highest throughout. 24.5% of the class was clustered here. The majority of these students were diligent isolates in most of the rounds. Their participation level only dropped slightly during the second and third rounds. These are the rounds where the risks were slightly lower. It is remarkable that there were no social loafers in this cluster at any time. These students seemed not to be influenced by marks, but rather motivated by challenges.
VII. OBSERVATIONS
We analysed the data that we gathered using the surveys mentioned in Section V. In their comments some students covered a wide spectrum of aspects they had learned, while others mentioned only one or two specific aspects they had mastered. In the following sections we summarise their responses that related to each of the categories of aspects they had reported.
A. Software Engineering skills
The students were generous in their comments related to how the first part contributed to their understanding of the software development process and methodologies:
Well it gave me a fairly good idea of all the methodologies that can be used They also indicated that this knowledge and its related skills were helpful when they had to apply it in the second part:
We were able to learn the basics of project development process which made it easier to develop our current system The role and nature of requirement specification was a prominent aspect of software engineering that was mentioned as something specific they have learned:
I learnt that requirements are the foundation of the whole project. Many students were positive about the value of documentation and acquiring the skills to create and use the various artefacts that can be applied to document software systems.
I learnt the use of documentation and how to document We observed that good ideas used by the different teams when compiling their team portfolios in the early rounds were readily adopted by teams in later rounds as the members learned from one another. Owing to the regular reallocation of teams these ideas were rapidly propagated. We observed convergence to a quality standard for team portfolios at the end of the fourth round. This quality was continued when the students presented their team portfolios to their industry clients shortly after the completion of the first part.
Not all students were equally appreciative of the software engineering skills that they had to acquire. One student suggested that the presentation of the first part should be changed as follows:
Spend less time doing useless theory, push forward document deadlines to leave more time for programming It is evident that this student is unaware of the value of the theories underpinning the best practices of software engineering and is still under the impression that programming per se is the essence of software development.
B. Technical skills
Many of the students were faced with challenges to learn programming languages and techniques that they had not encountered before. Often when mentioning the new technologies they encountered, the students reported the positive consequences of having mastered the technology:
Having to use Android sparked a keen interest in using and cosing Android. In some instances the students did not mention any specific skills but rather commented on the variety and extent of skills learned during the process and the future gains of having done that:
The project's scope and complexity is quite a challenge and pushed the limits of our skill set but also proved that you can do anything if you put the effort in. Students also reflected on having had the opportunity to reinforce existing skills:
The fact that we could use all the work we have learnt in the past 3 years and filter it into our project helped me understand each module better. Unfortunately, not all students had risen to the challenges. The following remark indicates that this student might have failed to attain some of the expected technical skills. The need for more time is interpreted as an indication that some of the skills required to do the implementation were still lacking:
If more time was allocated, better solutions could have been provided. While the challenges seem to have motivated most of the students, there were also students who did not enjoy the experience:
Having to actualy develop the system; it was not nice.
Shortly after the first part, the majority of the students did not have strong feelings about the teamwork itself; nonetheless, the students who responded were positive about the experience.
Some of the respondents stated that being exposed to the rapid changing of teams was a great help as they were able to get to know people with whom they would not have worked under normal circumstances. This in itself was a positive outcome of the exercise. There were some students who did not like being moved into different groups, but considering the size of the group and the nature of the student body, this is not surprising.
Towards the end of the year the students voiced stronger feelings about the teamwork they had experienced during the six-week project. There was a certain amount of frustration expressed with team members not pulling their weight. Some of the students said that new groups each week were frustrating. In general, there was a positive response to the group switching and they reported that they enjoyed the process.
In the assessment that covered their experiences throughout the year there was generally a positive response to the teamwork requirements of the project. Two students mentioned that it had been "fun", another said that it had been "enjoyable".
The importance of communication was mentioned often. It seems that this was one of the teamwork skills that many of the students recognised and certainly made progress towards mastering.
Well, we all need dedication. but the most important factor has to be communication One student said:
Working in this group was very enjoyable, we all get along well and trust each other with the work.
We had no problems communicating, but we did find it challenging at first to find suitable times to meet and work together. Everyone was motivated about the project and understood the role of every member.
VIII. SUMMARY
We believe that experiential learning is a powerful educational tool. Students develop insights on how to work collaboratively from both positive and negative experiences. We applied a process we dubbed rocking the boat to provide intense experiential learning opportunities for our students covering a wide array of SE concepts.
We observed the levels of participation of our students during the presentation of our module. We recognised that students are likely to collaborate better when risk factors such as academic unalignment and team instability are lowered. Our data provided evidence of our theory that academic diversity within groups is a factor that can elevate the occurrence of diligent isolation and social loafing in teams. We also observed that the majority of our students seem to have gone through their paces without really gaining the knowledge and skills we expected. Students who are motivated by marks were less able to learn through the experiences offered than students who were motivated by challenges. The challenge-orientated students utilised more of the learning opportunities provided than did the marks-oriented students.
In our future work we aim to observe how our teaching strategies have impacted on the motivational levels of our students and to what extent they have experieced flow as defined by Csikszentmihalyi.
